The results of ab initio calculations at the RHF/6-31G(d) level of 3-trichlorogermyl propionamide with total optimization of its trigonal bipyramidal structure, with its experimental geometry, as well as with different fixed Ge...O distances and optimization of the others structural parameters in this molecule are presented. The results of total optimization of the molecular geometry conform to the experimental data, except for the Ge...O distance. The 35 C1NQR parameters for this molecule were evaluated using the results cf ab initio calculations. The calculated electron distribution of the equatorial CI atoms conforms to the experimental NQR data qualitatively and quantitatively, whereas that for the axial CI atom -only qualitatively. The hypervalence three-center bond, including the three atoms of the molecular axial fragment is not revealed by the MO analysis.
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Vol. 22, No. 6, 1999 Ab Initio Calculations of 3-Trichlorogermyl Propionamide with a Pentacoordinated Germanium Atom The calculations of different organic and organometallic molecules at the RHF/6-3 lG(d) level show a satisfactory conformity between the calculated and experimental structural parameters for these molecules (see, e.g., [10] [11] [12] ). The bond lengths in molecule I calculated at this level using the total optimization of its geometry are close to the experimental ones too. The Ge...O distance is not (Table 1 ). This distance (2.607Ä) is considerably greater than the experimental one (2.166 A [1] [2] [3] ), but substantially less than the sum of Van der Waals radii of the Ge and Ο atoms (3.1 A [1] ). The calculated lengths of the Ge-Cl(3) and C(3)=0 bonds are slightly less than the experimental ones. The differences between the calculated and experimental angles are noticeably more than that between the bond lengths (Table 1) . According to the experimental data and geometry optimization of the molecule I, the coordination polyhedron of its Ge atom represents the distorted trigonal bipyramid. In its equatorial positions are the Cl(l), Cl(2) and C(l) atoms and in the axial ones -Cl(3) and O. The axial Ge-Cl bond is essentially longer than the equatorial ones. The latters slightly differ between themselves. One can suppose that the conformity between the calculated and experimental data will be better if the Ge...O distance diminishes. To check this, the RHF/6-3lG(d) calculations were performed at several fixed Ge...O distances with optimization of all others structural parameters of the molecule I (Table 1) . When the Ge...O distance decreases from 2.607 A to 2.000 A the lengths of the equatorial Ge-Cl bonds in this molecule slightly increase and at d(Ge,..0)=2.000 A they become practically equal. Herewith two others covalent bonds of the Ge atom (Ge-Cl(3) and Ge-C(l)) increase too and slightly exceed the experimental values. The C(3)=0 bond length increases, but even at d(Ge..O)= 2.000 A it does not reach the experimental value. All valence angles and the dihedral C(3)OGeC(l) angle approach to the experimental values, except for Cl(l)GeCl (2) . The deviations of the calculated structural parameters of the molecule I from the corresponding experimental ones at the distance d(Ge...O)=2.166 A, which corresponds to the experimental value, are noticeably less than those at d(Ge..,0)=2.607 A, obtained at total optimization of the molecular geometry, especially for valence and dihedral angles (Table 1) .
It has been shown before [5] that the lengths of the axial Ge-Cl bonds in the molecules containing the Cl 3 Ge-C-C-C(0)X or Cl 3 Ge-C-N-C(0)X fragment increase when the Ge...O distance decreases, giving a linear correlation. The lengths of the Ge-Cl ax bonds obtained from the RHF/6-3 lG(d) calculations at fixed Ge...O distances and optimization of the others structural parameters in the molecule I are close to those obtained from the correlation equation (Table 1) .
According to the PM3 calculations the molecule I can have two different structures. When the making the geometry more precise begins from d(Ge...C))=2.8-3.0Ä, the calculation procedure ends at d(Ge...O)=2.43Ä, and when it begins from d(Ge,..0)=2.0-2.2Ä, this procedure ends at d(Ge...O)=1.93Ä [8] , At total optimization of the molecule I geometry at the RHF/6-3 lG(d) level we get the structure with d(Ge...O)=2.61Ä, independent of initial data. When the d(Ge...O) distance decreases from 2.607Ä to 2.000Ä the absolute value of the change of the molecule I total energy (AE=|E(2.607)-E(d)|) exponentially increases (Fig. I) . In this molecule with the completely optimized geometry the central Ge atom bears a considerable partial positive charge and the Cl(l), Cl(2), Cl(3), C(l) and Ο atoms of its coordination polyhedron, the negative ones, like the C(2) and Ν atoms ( Table 2 ). The C(3) atom has even a more positive charge than Ge. It is caused by the strong electronegativity of the Ν and Ο atoms bonded to C(3). The donor-acceptor Ge<-Ο interaction must decrease corresponding charges on the Ge and Ο atoms. However, in reality, these charges are increased (Table 2) . Herewith the partial negative charges on the others atoms of the Ge atom coordination polyhedron and the positive charge on the C(3) atom are increased. The partial negative charges on the Ν and C(2) atoms are decreased. Such a change of the charges may be explained by the polarization of the Ge-Cl and Ge-C(l) bonds under the action of the approaching partially negatively charged Ο atom and by the C=0 bond polarization under the action of the partially positively charged Ge atom directly through the field. Such a polarization causes the electron density to be displaced from the Ν and C(2) atoms onto the C=0 bond. An analogous situation is realized when SiCl 4 is complexed by organic ligands [13] .
ΔΕ, eV It has been shown recently that the quality of the calculations of the electron distribution in chlorine-containing molecules may be controlled by comparing the j5 Cl NQR frequencies (v) and asymmetry parameters (η) of the electric field gradient (EFG) at the 35 C1 nuclei calculated using the populations of 3p-components of the CI atom valence p-orbitals with the corresponding experimental NQR parameters (see, e.g., [10] [11] [12] [13] [14] ). Unfortunately, the experimental η values for the compound I were not measured. Therefore, only calculated and experimental j5 C1 NQR frequencies may be compared for this compound. At 77 Κ three NQR signals with frequencies v 77 =23.765, 23.245 and 15.344 MHz are observed for it. Two high frequency signals of them correspond to two equatorial CI atoms and low frequency one to the axial one [1, 4, 5, 7] , It has been established that the experimental 35 C1 NQR frequencies of organyltrichlorogermanes satisfactory correlate with the experimental lengths of the Ge-Cl bonds: the shorter Ge-Cl bond, the higher NQR frequency [5] [6] [7] .
Vol. 22, No. 6, 1999 Ab Initio Calculations of 3-Trichlorogermyl Propionamide with a Pentacoordinated Germanium Atom The lengths of the Ge-Cl bonds and the 35 C1 NQR frequencies obtained from ab initio calculation of the molecule I with total optimization of its geometry follow the same dependence: the NQR frequency of 23.185 MHz obtained using the populations of 3p-components of the CI atom valence p-orbitals (Table 3) corresponds to the Cl(l) atom, 24.413 MHz, to Cl(2) and 20.460 MHz, to Cl(3). These frequencies are calculated using the equation (1) . As one can see, not only the lengths of the equatorial Ge-Cl bonds, but also the NQR frequencies of the equatorial CI atoms, obtained from ab initio calculations of the molecule I with total optimization of its geometry, are close to the experimental values. At the same time, the NQR frequency of the axial CI atom, as well as the length of the axial Ge-Cl bond essentially differs from the experimental value. The asymmetry parameter of the EFG at the 35 C1 nucleus of the equatorial CI atom obtained using the populations of 3p-components of its valence p-orbitals has a great value ( Table 4 ), while that of the axial Cl(3) atom is close to zero, as expected. The same correlation of the η values for axial and equatorial CI atoms is observed for the others chlorine-containing compounds of trigonal-bipyramidal structure (see, e.g., [14] [15] [16] [17] Therefore, judging by the 35 C1 NQR parameters, the electron distribution of the equatorial CI atoms obtained from ab initio calculation of the molecule I at the RHF/6-3 lG(d) level with total optimization of this molecule geometry conforms to the experimental data not only qualitatively, but also quantitatively, whereas the electron distribution of the axial CI atom, only qualitatively. When the Ge...O distance decreases, the NQR frequency of the equatorial Cl(l) atom changes very slightly (Table 4) . Herewith the NQR frequency of the axial Cl(3) atom noticeably decreases, however even at d(Ge...O)= 2.000Ä it remains considerably higher than the experimental one. The η value of the equatorial CI atom slightly increases because of decreasing the distortion of the Ge atom trigonal bipyramidal coordination polyhedron when the Ge...O distance decreases. The η value of the axial CI atom remains practically invariable at this distortion.
The populations of 3p x -and 3p y -components of the equatorial CI atom valence p-orbitals in the molecule I differ noticeably, due to the considerable value of the asymmetry parameter of the EFG at this atom nucleus. Insignificant change of this atom ν and η values when the Ge...O distance decreases (Table 4) is caused by the very insignificant change of the populations of 3p-components of this atom valence porbitals, which are used for the calculation of these values (Table 3) . At this decrease the population of 3p zcomponent and the difference between the populations of 3p x -and 3p y -components somewhat increases and the half-sum of the latters decreases. This causes some contribution to the decrease of the NQR frequency and to the increase of the asymmetry parameter of the EFG at the equatorial CI atom nucleus when the Ge...O distance decreases.
The populations of 3p x -and 3p y -components of the axial CI atom valence p-orbitals, unlike the equatorial CI atom, are practically the same. Therefore, the asymmetry parameter of the EFG at the axial CI atom nucleus is close to zero. This is typical for all Ge...O distances in the molecule I. The half-sum of the populations of 3p x -and 3p y -components of the axial CI atom valence p-orbitals is somewhat less than that for the equatorial atom. It contributes to the decrease of the NQR frequency of the axial CI atom as compared to the equatorial one. However the higher population of 3p z -component of the axial CI atom valence p-orbital (Table 3 ) brings in considerably greater contribution to this decrease. When the Ge...O distance decreases, this population increases and the half-sum of the populations of 3p x -and 3p y -components decreases, causing a decrease of the axial CI atom NQR frequency. However this decrease is essentially less than expected.
The equation (1) one can be used for the estimation of the populations (N) of 3p-components of the axial CI atom valence p-orbitals which correspond to the experimental NQR frequency for this atom (see above). Herewith one must take into account that the half-sum of the populations of 3p x -and 3p y -components change practically similarly, as the population of 3p z -component, when the Ge...O distance decreases (Table  3) . Substituting the experimental NQR frequency for this atom in the equation (1) yields the populations of 3p x -and 3p y -components or their half-sum (N x +N y )/2= 1.240e and the population of 3p z -component -1.075e. One may suppose that such populations will be obtained when using the experimental geometry of the molecule I for its ab initio calculation. Such calculations were performed with the maximal use of the experimental structural parameters for the molecule I and with optimization of the HCC and HNC angles as well as the majority of its dihedral angles. The populations of 3p-components of the axial CI atom valence porbitals obtained from these calculations considerably differ from those expected. The NQR frequency calculated using these populations (Table 4) is essentially higher than the experimental one. It indicates unsatisfactory quantitative conformity to the experimental data of the axial CI atom electron distribution in trigonal-bipyramidal molecules calculated at the RHF/6-3 lG(d) level. It is possible that this is caused by an essential influence of intermolecular interactions on this atom electron distribution.
When the Ge...O distance decreases the total population of the equatorial CI atom p x -orbital is not changed, while that of the p y -and p 2 -orbitals somewhat increases. The populations of the axial CI atom porbitals, especially of p z -orbital, increase too (Table 3) . It is possible that this increase is caused by the weakening of the interaction of the corresponding Qrbitals of the CI and Ge atoms when the Ge-Cl bond lengths increase, which occurs when the Ge...O distance decreases.
One of the explanation of the electron and spatial structure of trgonal bipyramidal molecules is the formation of a hypervalence three-center bond, including three atoms of the axial fragments of these molecules (see e.g. [18] [19] [20] ). Taking into account the large asymmetry parameters of the EFG at the nuclei of the equatorial CI atoms in chlorine-containing compounds of P, Si, Ge, or Sn of trigonal bipyramidal structure it is more correct to speak about multicenter bonds in their molecules, including the equatorial atoms too (see e.g. [6, 11, 20, 21] ). The MO analysis and the populations of atomic p-orbitals in the PC1 5 molecule of the same structure for which the ab initio calculation at the RHF/6-3lG(d) level were executed, results in a conclusion that the peculiarities of electron distribution in multiatom molecules it is impossible to explain by the three-center bond formation, since all bonds in them are multicenters [11] , The MO analysis in the molecule I confirms it. There is no reason to consider that one of these MO is responsible for some peculiarities of electron distribution in a molecule and for its properties.
It is not necessary to expect complete conformity between the calculated and experimental geometry of the molecule I as an intermolecular interaction influences this molecule geometry and does not taken into account at the molecule calculation. However one may suppose that the Ge...O distance as well as the length of the axial Ge-Cl bond, obtained from ab initio calculation of the molecule I with total optimization of its geometry, must be nearer to corresponding experimental data. We have tried to improve the conformity between the calculated and experimental geometry of this molecule using a larger basis set and density functional method. The use of the Hartree-Fock theory and larger basis set (6-311 G(d)) do not improve this conformity. On the contrary, at this calculation the Ge...O distance becomes longer (2.823Ä) and the length
